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Field Effect Transistor for IMeasuring of Biological Components 

[0001] The invention relates to a device for measuring biological components, especially 
live cells, that has at least one field effect transistor, which has on a substrate a source, a 
drain, and a channel area that connects said source and drain. On top of the channel area a 
gate electrode is arranged, which is electrically insulated from the channel area by a thin 
insulation layer. 

[0002] Such a device is disclosed in DE 196 23 517 CI. It has a field effect transistor in 
which the gate electrode is electrically connected by a circuit path to an open contact pad 
surrounded by an electrical insulator. The dimensions of the open contact pad are 
constructed such that it can contact a live biological cell contained in a nutrient solution. 
Such a device allows the extracellular measurement of the action potential of a cell that is 
mounted onto the contact pad, especially a nerve or muscle cell. The substrate of the field 
effect transistor consists of silicon, in which a tub-like semiconductor layer of a first charge 
carrier has been set. In this semiconductor layer, endowed drain and source regions are 
arranged, in between which a channel area is formed. On top of the channel area is a thin 
insulation layer and on top of it the gate electrode. The gate electrode consists of poly-silicon 
and covers the complete channel area as well as the neighboring edges of the drain and the 
source. The gate electrode forms an isoelectric region that distributes an electrical potential 
bordering it over the complete channel length stretching from the drain to the source, such 
that the potential reaches also the places where the channel area shows its highest 
sensitivity even if the field effect transistor is saturated when an asymmetrical, one-sided 
distribution of free charge carriers in the channel area occurs along the channel length. The 
disadvantage of the device, however, is that its measurement sensitivity is strongly reduced 
if the contact pad that is connected to the gate is only partially covered by the cell such that 
the nutrient solution, which contains the cell, contacts other regions of the contact pad. The 
decrease in measurement sensitivity occurs mainly because the voltage, which is essentially 
capacitatively interiinked by the biological cell into the contact pad and thus also the gate . 
electrode, of the initial voltage corresponds to a replacement voltage source with high source 
resistance. Due to the ions contained in it. the nutrient solution is relatively low-ohmic in 
comparison to the source resistance. Thus, the measured signal next to the gate is 
correspondingly reduced when the replacement voltage source is burdened with the 
electrical resistance of the nutrient solution. The cell signal to be measured is then 
essentially short-circuited due to the nutrient solution lying over a reference potential, that is, 
the majority of the voltage does not occur on the gate but rather drops due to the source 
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resistance of the replacement voltage source. It is also unfortunate that the arrangement 
consisting of the gate electrode, the conducting path, and the contact pad has a relatively 
large electrical capacitance for the nutrient solution, which in addition weakens the 
measurement signal. 

[0003] Therefore, the objective is to design a device as mentioned above, wherein the 
danger is reduced that the measurement signal results through a contact of the gate 
electrode with a nutrient solution containing the biological component(s) to be measured. 
[0004] This objective is solved in that the gate electrode consists of at least two electrode 
regions arranged laterally next to each other. These regions are separated perpendicularly 
to the direction in which the channel area connects the source to the drain, and are 
electrically insulated from each other. 

[0005] The gate electrode is advantageously divided into several electrode regions that 
are electrically insulated from each other, which are perpendicularly offset to a line that 
connects the source and drain directly to each other and corresponds roughly to the 
direction of the current flow in the channel area. If a biological component contained In a 
nutrient solution, upon which component a measurement is being made with the help of the 
field effect transistor, covers the gate electrode only partially such that at least one electrode 
region of the gate electrode contacts the nutrient solution directly and at least a second 
electrode region is covered completely by the biological component and is insulated by this 
biological component from the nutrient solution, a direct equipotential bonding between the 
first and the second electrode region, and thus a stress of the voltage lying on the second 
electrode region with the electrical resistance of the nutrient solution, which is in contact with 
the first electrode region and is lying on a reference potential, is avoided. Furthermore, the 
capacitative stress of the measurement signal is reduced through parasitic capacitances due 
to the divided gate electrode, in contrast to a device with a one-piece gate electrode. 
Through this, the device advantageously provides a relatively high measurement and 
detection sensitivity when the biological component covers the gate electrode only partially. 
In particular, electrical potentials fitted to the individual electrode regions can be interlinked 
into the partial region of the channel area in which the channel area shows its highest 
sensitivity when the field effect transistor is used at its saturation level. The device is 
preferentially designed such that the biological component to be measured can be 
immobilized directly at the gate electrode. The device allows a high-ohmic signal detection 
for the biological component. 

[0006] It would be advantageous if the device had at least three, principally at least five, 
and preferably at least seven electrode regions in a row. If the biological component covers 
the gate electrode only partially, an overall higher measuring sensitivity and measuring 
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accuracy for different arrangements of the biological component relative to the gate 
electrode can therefore be achieved. 

[0007] In a preferred embodiment of the invention, the edges of the drain and the source 
bordering the channel area will be approximately parallel to each other, whereby facing 
electrode edges of neighboring electrode regions run at right angles to the edges of the drain 
and source bordering the channel area. The borderiines between neighboring electrode 
regions that are arranged next to each other will then run in about the direction that the flow 
of the electrical current follows in the channel area. This even more effectively avoids that 
electrical potentials, which lie against individual electrode regions, influence each other. 
[0008] In an advantageous embodiment of the invention, an electrical insulating layer is 
found at both the drain and the source. This layer is preferably an oxide layer with a 
thickness that is thicker by at least a factor of 10, if needed 30 and preferably 50 than the 
thickness of the insulating layer, whereby the electrode regions and, where appropriate, the 
insulating layer each laterally border the edge of the insulating layer facing the channel area. 
This arrangement allows an as of yet small parasitic capacitance between the device surface 
that is in contact with the nutrient solution during measurement and the source and drain 
regions, which are separated from this surface. 

[0009] It is advantageous if the area that is covered by the individual electrode regions at 
the channel area is smaller or equals the area that is covered by a focal contact of a 
biological cell that is immobilized on the gate electrode, and if the area that is covered by the 
individual electrode regions at the channel area principally is between 0.5 and 5 ijxr?. This 
allows an even higher measuring sensitivity and measuring accuracy for obtaining 
measurements on live cells that have different sizes and/or are arranged in different 
positions relative to the gate electrode. 

[0010] In a functional embodiment of the invention, the insulation layer consists of a 
silicon-oxide layer, in particular a silicon-dioxide layer, and the gate electrode is a precious 
metal layer, in particular a palladium layer, whereby a poly-silicon layer is placed between 
the insulation layer and the gate electrode. This poly-silicon layer is interrupted in the spaces 
found between neighboring electrode regions. Furthermore, between the poly-silicon layer 
and the precious metal layer is a precious metal-silicon layer that connects the two. The gate 
electrode can then be structured through the placement of the interface layer when the 
device is constructed. For this purpose, first the source and drain regions as well as the 
channel area are constructed on the endowed semiconductor layer in the field effect 
transistor (the semiconductor layer can be formed by the substrate or by a tub-like region on 
top of the substrate), such that subsequently the electrically insulating silicon-oxide layer 
(gate oxide) can be constructed on the channel area. A poly-silicon layer is placed on top of 
this layer covering its entire surface, and said layer is then structured such that it remains 
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only at the places where the gate electrode will later be placed. Then, more structured layers 
are applied to the substrate to form circuit paths. Between individual layers of the circuit path 
layers, electrical insulating layers are an^anged. A passivation layer is applied as a cover 
layer. Indentations are then etched at the places where the poly-silicon is found. These 
indentations extend to the poly-silicon layer which serves as an etching stop. If the gate 
electrode should cover the bottom of the indentations only partially, the poly-silicon layer will 
be structured in the indentations. Subsequently, metal plating is applied over the entire 
surface with a precious metal. In a subsequent heat treatment, silicon diffuses from the poly- 
silicon layer into the precious metal layer and forms a precious metal silicide in a region of 
the precious metal layer that is a separate from the surface of the precious metal layer. In 
this way, based on the structure of the poly-silicon layer, the precious metal adheres better 
to the poly-silicon layer than to the rest of the surface such that it can be mechanically 
structured, for example with the help of ultrasound waves. By this means, the precious metal 
dissolves only at the places that are not in contact with the poly-silicon layer. 
[0011] The device according to the invention is preferably equipped such that the 
biological component can be directly brought into contact with the gate electrode, which is 
arranged on the channel area, that is, the biological component is preferably located on the 
side of the gate electrode opposite of the channel area directly above the channel area 
during measurement. This arrangement leads to a small parasitic capacitance at the gate 
electrode. For this purpose, the gate electrode preferably borders a measuring chamber or a 
trough for the reception of the biological component and, if needed, a nutrient solution 
containing it. 

[0012] The invention also covers solutions where individual electrode regions are each 
connected to an electric contact pad via a circuit path. This pad is located in a port for the 
biological component that is separate from the gate electrode such that the biological 
component can be contacted. This arrangement is preferred if a spatial separation between 
the actual field effect transistor and the biological component(s) is of advantage. 
[0013] In a functional embodiment of the invention, the device has several field effect 
transistors, whereby these field effect transistors are preferably arranged in matrix-form next 
to each other on a common semiconductor substrate. This anrangement makes a location- 
independent measurement of the signal possible on the biological components. 
[0014] In an advantageous embodiment of the invention, at least one electrode region of 
the gate electrode and/or, in addition to the electrode regions and neighboring these, a 
stimulating electrode is connected to an electrical stimulation device for the biological 
component. The stimulation device has an electrical voltage source that can be connected 
with the electrode region and/or the stimulation electrode via an electrical switch. With the 
help of this device the distribution of electrical signals and/or signal patterns in a cell culture 
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can be examined for cell cultures that have several nerve cell networks. For this purpose, 
first an electrical stimulation potential is placed on at least one electrode region and/or onto a 
stimulation electrode, and subsequently removed, such that the response of the cell(s) to the 
stimulation potential can be measured using the electrode regions. 

[0015] Design examples of the invention are explained in more detail below, with 
reference to the drawings. Shown are: 

[0016] Fig, 1 a three-dimensional partial view of a device with a field effect 

transistor for conducting measurements on biological components, 
whereby the device is shown as a cross section in the area of the field 
effect transistor. 

[0017] Fig. 2 top view of the device shown in Fig.1 in the area of the field effect 

transistor. A structured gate coating can be seen. 
[0018] Fig. 3 a partial view of the device in operational mode, and 
[0019] Fig. 4 a cross section of the device schematically illustrating parasitic 

capacitances. 

[0020] A device designed to measure extracellular cell potentials on live biological cells 
has a semiconductor chip in which at least one field effect transistor 1 is integrated, which is 
connected to a measurement amplifier that is not shown in detail in the figure. In the design 
example shown in Fig. 1. the semiconductor chip has an endowed semiconductor layer 2 of 
a first charge carrier type. This semiconductor layer is formed by the substrate of the 
semiconductor chip. However, other design examples are also possible in which the 
semiconductor layer 2 is embedded into the semiconductor substrate as a tub-form endowed 
well. 

[0021] Endowed regions of a second charge carrier type are arranged on the 
semiconductor layer 2 of which one region forms the source 3a and the other region forms 
the drain 3b of the transistor 1 when it is connected to the measurement amplifier. It can be 
seen in Fig. 1 that the source 3a and the drain 3b are embedded in the surface of the 
semiconductor layer 2 and are laterally separated from each other by a channel area 4 that 
exists between them. The source 3a is connected to the source contact 5a and the drain 3b 
is connected to the drain contact 5b at a location removed from the channel area 4. Both 
contacts are attached to the measurement amplifier. It can be seen at the right side of Fig. 5 
that the source contact 5a is also attached to the semiconductor layer 2 (substrate). 
[0022] An insulation layer 6 is arranged on the channel area 4. This layer consists of a 
thin oxide layer and extends continuously over the channel area 4 and both adjacent border 
areas 7a and 7b of the source 3a and the drain 3b. On top of the insulation layer 6 is a 
structured poly-silicon layer, which is not shown in detail in the figure, in which a gate 
electrode overall designated with 8 is arranged. This electrode is formed by metal plating. 
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The metal plating consists of a corrosion-resistant precious metal, preferably palladium. In 
the transition area from the poly-silicon layer to the gate electrode 8, a metal-silicide layer is 
formed. Thus, the gate electrode 8 is well adhered to or firmly connected with the poly-silicon 
layer. The gate electrode 8 is directly adjacent to a receiving area 9 that is formed for the 
reception of live cells found in a nutrient solution 15. 

[0023] As can be seen especially well in Fig. 1 , the gate electrode 8 has several laterally 
adjacent electrode regions 10 that are electrically insulated from each other and are 
separated from each other parallel to the extension level of the semiconductor chip, 
approximately at a right angle to the direction marked by the double arrow 1 1 in Fig. 1 in 
which the channel area 4 connects the source 3a to the drain 3b. The individual electrode 
regions 10 are each arranged approximately in the form of a rectangle and extend, 
uninterrupted across the channel area 4, in the direction 11 in which the channel area 4 
connects the source 3a to the drain 3b. It can be seen in Fig.2 that the electrode regions 10 
each cover the source 3a border area 7a, which is adjacent to the channel area 4, with one 
end and the drain 3b border area 7b, which is adjacent to the channel area 4, with their other 
end. 

[0024] Neighboring electrode regions 10 are each separated by a small space, which 
proceeds approximately at a right angle to the source 3a and drain 3b borders adjacent to 
the channel area 4. Parallel to these borders, the electrode regions 10 are offset in a direct 
line to each other such that altogether an oblong gate electrode 8 results that is 
approximately in the fonn of a rectangle and consists of several electrode regions arranged 
in a row. Measurements of a biological cell are adjusted for this electrode. It can be seen in 
Fig. 2 that the source 3a and the drain 3b each extend without interruption over all electrode 
regions 10 of the gate electrode 8. 

[0025] An electrical insulation layer 12a, 12b is arranged on top of the source 3a and the 
drain 3b at a distance from the channel area 4. This layer consists of a dioxide layer and Its 
thickness is larger than that of the insulation layer 6. The electrode regions 10 and the 
insulation layer 6 each border laterally with their one end on the insulation layer 12a located 
on the source 3a and with their other end on the insulation layer 12b located on the drain 3b. 
On top of the insulation layers 12 a, 12 b Is a passivation layer 13 as a top layer, which ends 
at a distance from the gate electrode such that this electrode is accessible. 
[0026] Fig. 3 is a top view of the device in operational mode. It can cleariy be seen that a 
biological cell 14 is immobilized on the surface of the semiconductor chip. This cell is In a 
nutrient solution 15 (Fig.4) that is located over a reference electrode on an electrical 
reference potential not shown in detail in the figure, such as the potential adjacent to source 
contact 5a. The cell 14 is positioned in relationship to the gate electrode 8 such that some of 
the electrode regions 10 are completely covered. In this way. the cell adheres to these 
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electrode regions 10 and to the adjacent surface areas of the semiconductor chips, which 
are electrically insulated against the electrode regions 10, such that the cell 14 isolates the 
electrode regions 10 against the nutrient solution 15. The remaining electrode regions 10 are 
at least partially in contact with the nutrient solution 15 and thus lie on the reference potential 
adjacent to the nutrient solution 15. Because the gate electrode 8 is divided into several 
electrode regions 10, it is avoided that the cell potential, which is connected from the cell via 
the cell membrane to the electrode region 10 that are isolated by the cell 14 against the 
nutrient solution 15, is pulled onto the relatively low-ohmic reference potential. The device 
thus allows a precise measurement of the changes in cell potential even if the gate electrode 
8 is only partially covered by the cell 14. 

[0027] Fig. 4 is a schematic illustration of an electrical equivalent circuit diagram showing 
the electrical capacitances, which are formed by the device in the regipn covered by the cell 
14. It can clearly be seen that the condenser plates of the equivalent condenser Cfox for the 
electrical capacitances formed by the insulation layers 12 a, 12b and the condenser plates of 
the equivalent condenser Cpass for the electrical capacitances formed by region of the 
passivation layer 13 covered by the cell 14 are each much further separated from each other 
than the condenser plates of the equivalent condenser Cox for the electrical capacitances 
formed by the gate electrode 8. Thus, the capacitances Cfox and Cpass are much smaller than 
the overall capacitance of the gate electrode 8. Because this capacitance Is divided into 
several electrode regions that are electrically insulated from each other on the 
semiconductor chip, the capacitive charge that affects the measurement signal through the 
capacitance Cox is also relatively small. Thus, the device allows altogether a high 
measurement sensitivity and a broad-spectrum measurement signal, which is essentially 
undistorted. 

[0028] In Fig. 4 an ohmic equivalent resistance Rseaican also be seen, which reproduces 
the seal resistance over which the area of the cell membrane, which Is arranged within the 
contact area of the cell and removed from the edge of the contact area, is. connected with 
the electrical capacitance that is formed between the area of the passivation layer 1 3, which 
is outside the contact area of the cell, and the semiconductor layer 2. The cell 14 isolates the 
surface of the passivation layer 13 when it is in contact with it. In Fig. 4, the distance 
between the cell membrane and the passivation layer 13 has been greatly enlarged for 
reasons of better clarity. 



